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TO THE 


MEMBERS OF THE LUNAR SOCIETY * 
Ar 
BIRMING HAM, 


VIZs 


MATT. BOULTON, ESQ. JAMES WATT, ESQ. JAMES KEIR, ESQ. 
- DR. WITHERING, SAMUEL GALTON, JUN. ESQ. AND 
' THE REV. R. A. JOHNSON, 


FELLOWS OF THE ROYAL SOCIETY. 


My valued F KEG'Y 


Tazzs are few things that I more regret 
in conſequence of my reeioval from Birming- 
ham, than the loſs of your ſociety. It both 
encouraged and enlightened me; ſo that what 
1 did thers of a N kind ought 
in Juſtice to be attributed almoſt as much to 


The Lunar Society w: was ſo called becauſe the members 
held their meetings every menth, on the Monday that was 
neareſt to the full moon, in order to have the benefit of its 
light in returning home. We had nothing to do with the 
religious or political principles of each other, we were united 
by a common love of ſcience, which we thought ſufficient 
to bring together perſons of all diſtinctions, Chriſtians, 
Jews, Mahometans, and 3 Menarohiſts, and Re- 
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you as to' myſelf, From our cheerful meet- 
ings I never abſented myſelf voluntarily, and 
free my pleaſing recollection they will never 
be abſent. Should the cauſe of our ſeparation 
make it neceſſary, or expedient, for me to re- 
move to a ſtill greater diſtance from you, I 
ſhall only think the more, and with the more 
regret, of our paſt interviews. 

It 15 now more than two years that I have | 
been deprived of your ſociety, and that I have 
been under the diſagreeable neceſſity of inter- 
mitting my philoſophical purſuits. With the 
aſſiſtance of my friends I have now reſumed 
them, and it is with particular ſatisfaction 
that I dedicate the firſt fruits of — labours 
to you. 

vou are no ſtrangers to the oſtenſible cauſes 
of thoſe elt riots which drove me from 
your neighbourhood, and you know my per- 
fe& innocence with reſpect to them. Had I 
really been what the populace, who demoliſhed 
my library and apparatus, my houſe and every 
thing belonging tome, were taught to believe, 
viz. a eee of ſedition, and an enemy to the 
peace and conſtitution of my ountry, ſymp- 
toms of it muſt have been perbei 
frequent interviews. But you know that nei- 
ther politics, nor religion, were ever the ſub- 
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| Jes of our converſations. Philoſophy « en- 
groſſed us Wholly. 
Politicians may think there are no objects 


of any conſequence beſides thoſe which im- 


mediately intereſt hem. But objects far ſu- 
perior to any of which they have an idea en- 
gaged our attention, and the diſcuſſion of them 
was accompanied with a ſatisfaction to which 


they are ſtrangers. Happy would it be for 
the world if their purſuits were as tranquil, 


and their projects as innocent, and as friendly 
to the beſt intereſts of mankind, as ours. It 

is, however, a noble conſideration, that the 
order and final happineſs of the univerſe will 
not be interrupted by any thing that they can 
deviſe, or do, while there is one infinite mind 


ſuperintending all things, and bringing good 


out of, and by means of, all the evil that they 


can contrive, or produce. 

In the character of a miniſter of religion 1 
never appeared with you, but as ſuch (now 
that I am perhaps taking my final leave of 
you) permit me, though in religious per- 
ſuaſion differing from you all, to commit 


you to the protection and bleſſing of that Great 


Being, whoſe we are, and whom, I truſt, we all 


eve, and who eſtabliſhed that courſe of nature 
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which is the object of our common inveſtiga- 
tion; and when we meet, as I doubt not we 


ſhall, in another ſtate, may the meeting be 
moſt happy. 


With the greateſt eſteem and affection, 


I am, 
My valued Friends, 


Sincerely yours, 


| | J. PRIESTLEY. 
Clapton, Now, 16, 1793. 


The PREFACE. 


Ir my Appeal to the Public on the Subjekt of the Riots 
in Birmingham, ] ſaid that, notwithſtanding what had 
paſſed with reſpect to the repeated rejection of 
Mr. Cooper, recommended to the Royal Society 
by myſelf and ſeveral others, the- moſt ſcientific 
members of it, I ſhould not quarrel with the in- 
ſtitution; but that if, on reſuming my philoſophical 
purſuits, any thing of importance ſhould occur to me, 
I would endeavour to lay it before the public in the 
channel of their Trany/a#ions. This was my real 
intention at the time. But the Society, by rejecting 
another reſpectable candidate, who had the moſt 

ample teſtimonials in his favour, merely on account 
of his ſuppoſed political principles, has ſhown a fixed 
determination, to reject any candidate whoſe political 
principles they do not approve ; and this has made 
me conclude that any communications from we would 
be unacceptable to them. I therefore ſhall not 
| | A4 . — = me 
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titled, Fartber Experiments relating to the Decompoſi- 
this publication to contain all my papers relating to 
philoſophy not contained in the laſt edition of my 


- philoſophical works in three volumes octavo, or in 


after publiſh of this kind I propoſe to give in the 


vill PREFACE. 


trouble the Society with them, but re this leſs 
eligible mode of publication. =, 


Since, however, the friends of philoſophy in this 


country muſt ſeparate on the ground of religion and 


politics, things entirely foreign to our profeſſed ob- 
ject, which is natural ſcience, may the ſeparation 
have no farther conſequence than that of producing 
a generous emulation who ſhall moſt advance the 
common cauſe of ſcience; the friends of church and 


' king, as they affect excluſively to call themſelves, or 


the friends of liberty, among whom, at all times, 
and in all circumſtances, I ſhall be proud to rank 
myſelf. We are, it is true, but a ſmall minority, but 
not deficient, I truſt, in ability, activity, and energy; 
qualities which will always make men e 


though oppreſſed. 


To the article that is now for the firſt time laid 


before the public, I prefix my laſt communica- | 


tion to the Royal Society, printed in their 81ſt 
Volume of Philoſophical Tranſactions, p. 213, en- 


tion of dephlo giſticated and inflammable Air, as J with 


my Hiftory of Electricity; and whatever J may here- 


ſame form, that the different articles may in time 
make another volume, 


The 


PREFACE. | ix 

The experiments of which an account ĩs given in 
both theſe papers are unfavourable to the new ſyſtem 
of chemiſtry, which excludes the doctrine of phlo- 


giſton, and though I have applied to the authors of - 


that ſyſtem in France, I have not yet been able to 
learn what they have to reply to what is advanced 
in my laſt communication to the Royal Society, - 
which has now been two years before them ; and in 
that I think I obviated every objection that I had 
heard to what I had before advanced on the ſubject. 
I perceive no difficulty in explaining the reſult of all 
their experiments on the received doctrine of phlo- 
giſton, but I do not ſee how they can explain mine, 
on the idea of there being no ſuch thing. I hope, 
however, the diſcuſſion of the ſubject will proceed 
till the truth (which will, no doubt, finally prevail) 
be diſcovered. All difference of opinion, on. this, 
as on every other ſubject, will only tend to give it 
the firmer eſtabliſhment in the end. That I have 
no very ſtrong attachment to any theories of my 
own, has appeared in all my paſt publications on 
philoſophical ſubjects, and will farther appear in 
this. 
I have already materials for another publication, 
but I defer the communication of them till I have 
purſued ſome of the experiments farther than I have 
hitherto done. Having objects enow of my own, 
I have always carefully refrained from putting my 
ſickle into _ other man's harveſt, But if any 
perſon 
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8 abe the track that I am in chooſe, to ſtep 
before me, and anticipate me in any thing that I 
have in view, he is very welcome. The field is 


ſufficiently ample to find employment for all the la- 


bourers, if we were ten times more numerous chan 
We are. 

As the time that I have to devote to theſe 
purſuits is very uncertain, and will probably not 
be long, I wiſh to make the moſt of it; and as 
the generous friends of ſcience have enabled me to 
reſume theſe purſuits, I wiſh to convince them 
that their confidence in me has not been miſ- 
placed. Leaſt of all would I be deficient i in grati- 
tude to that Being, who 1s author of all good, and 
to whom, according to. my motto, I ultimately 
aſcribe the means, and the leiſure, that I enjoy to pro- 
ſecute theſe pleaſing inquiries. 


ExPERI- 
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EXPERIMENTS 
| RELATING To THE _ 


DECOMPOSITION 


BZ 4 


DEPHLOGISTICATED AND INFLAMMABLE AIR. 


From the Philoſophical Tranſactions, Vol. lxxxi. p. 213. 


% 


* 


TI E doctrine of phlogiſton, and that of the decom- 
poſition of water, have long engaged the attention of 
philoſophical chemiſts, and experiments have ſome- 
times ſeemed to favour one concluſion, and ſome- 
times an oppoſite one. I have myſelf been very 
differently inclined at different times, as appears in 
my publications on the ſubject; and I am hardly 
ſenſible of a wiſh which way this important contro- 
verſy, as it may be called, be decided, notwith- 
| ſtanding the part that I have taken in it. I cannot 
help thinking, however, that the experiments, an 
account of which I ſhall now lay before the Society, 
are deciſive in favour of the compoſition of an-acid 
from dephlogiſticated and inflammable air ; and, . 
therefore, that the opinion of theſe two kinds of air 
neceſſarily compoſing water cannot be well founded. 
It is, indeed, ſufficiently evident, that the ſame ele- 
ments likewiſe compoſe fixed air, and therefore it is 

the 


: 


12 Experiments relating to the decompoſition 
the leſs extraordinary that they ſhould compoſe an- 
other acid. 

The doctrine of oldagiſton I would, however, 
obſerve, will not be affected by the moſt deciſive 
proof of the compoſition of water from dephlogiſti- 
cated and inflammable air; ſince this would only 
prove, that phlogiſton is one conſtituent part of 
water; which is an opinion that I have advanced, 
and mentioned on ſeveral occaſions; and it 1s the 
leſs extraordinary, as water reſembles metals in the 
remarkable property of being a pretty good con- 
ductor of electricity. What I ſhall now allege, 
however, will make it very doubtful, whether pure 
water be ever formed by the union of dephlogiſti- 
cated and inflammable air; and perhaps make it 
more probable, that water, as I have lately ad- 
vanced, is only the Si of thoſe kinds of air, as well : 
as of every other. 

It was objected to my former experiments on the 
decompoſition of dephlogiſticated and inflammable 
air, by firing them together in a copper veſſel, 
which always produced an acid liquor, that this 
acid came from the phlogifticated air with which the 
dephlogiſticated air that I made uſe of was neceſſa- 

rily more or leſs diluted; or from that which I 
| could not wholly exclude, as a part of atmoſpherical | 
| air, when I exhauſted the copper veſſel by means of 
Wi an air-pump. 
To obviate this objetion. I then obſerved, chat 


I not only * found that the more phlogiſti- 
= cated 


of dephlogiſticated and inflammable air. 13 


cated air was contained in the two other kinds of 
air (mixed in the proportion of two meaſures of in- 
flammable air to one of dephlogiſticated) the leſs 
acid I got; but that, when I purpoſely mixed any 
given quantity of phlogiſticated air with them, it 
appeared not to have been at all affected by the 
proceſs, but remained the very ſame, in quantity 
and quality, as before. Still, however, becauſe 
Mr. Cavendiſh, though in a very different proceſs, 
had found nitrous acid to reſult from the decom- 
poſition of phlogiſticated and dephlogiſticated air; 
and becauſe M. Lavoiſier and his friends had found 
nothing but pure water after the ſlow burning of 
dephlogiſticated and inflammable air; it was main- 
tained by the favourers of their ſyſtem, that the 
water only in the liquor which I procured came 
from the union of the two kinds of air, and the acid 
from the phlogiſticated air which J had not been able 
to exclude. 

But let any perſon only confilier the very ſmall 
quantity of nitrous acid which was procured by 
Mr. Cavendiſh from the certain decompoſition of 
3194 grain meaſures of atmoſpherical air, amount- 
ing to more than 62 ounce meaſures in one caſe, 
and of 2710 grain meaſures, amounting to 52 ounce 
meaſures in another caſe (Phil. Tranſactions, Vol. 


IXXVIII. p. 264. 268.), three-fourths of which 


was phlogiſticated air; and the vaſtly greater quan- 
tity which I procured (Ibid. p. 324.), when it 
could not be proved, that a . of Phlogiſti- 

| cated 
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cated air was decompoſed, and think whether it 
Was at all probable, that the acid came from this 

kind of air, and not from the union of the dephlo- 

giſticated and inflammable air, which evidently diſ- 
appeared in very great quantities. This circum- 

ſtance alone might have ſatisfied thoſe who intereſt 

themſelves in this queſtion; but it does not ſeem to 


have been attended to. 
I have now, however, effectually removed the 


objection above mentioned, by intirely excluding 
all phlogiſticated air from the proceſs ; the dephlo- 
giſticated air which I at preſent uſe being fo pure, 
that it contains no ſenſible quantity of phlogiſticated 
air. I alſo make uſe of no air-pump, but firſt fill 
the copper veſſel with water, and then diſplace it by 
the mixture of the two kinds of air; yet, in theſe 
circumſtances, in which all phlogiſticated air 

is excluded, I procure even a 1 acid than 
before. x 

The paper that I ſend * with this anicle con- 
tains the dry reſiduum of the turbid green liquor, 
produced by a ſingle exploſion of a mixture of two 
parts inflammable and ſomething more than one 
part of dephlogiſticated air, in a copper veſſel which 
holds thirty-ſeven ounces of water; and a little more 
muſt have remained in the veſſel, which I could 
not get out by draining or ſhaking it. It is moſt 
evident, therefore, that the acid neceſſary to diſ- 
ſolve ſo much copper muſt have come from the 


union of the dephlogiſticated and inflammable air, 
4 becauſe 
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becauſe there was nothing elſe in the veſſel. - The 
inflammable air was procured from iron by means of 
ſteam. | : 

This very pure dephlogiſticated air I firſt ima- 
gined could only be got by the proceſs in which 1 


| obſerved (Experiments on Air, Vol. II. p. 170.) 


that I once before procured it, though I then ſup- 


poſed the extraordinary reſult to be accidental; be- 


cauſe- in other circumſtances I have ſometimes had 
it very pure when I could not ſucceed in a ſecond 
attempt of the ſame kind. It was by heating the 
yellow product of the ſolution of mercury in ſpirit 
of nitre, without ſuffering the red precipitate, into 


waich it is converted by heat, to come into contact 


with the external air, from which I thought it 


_ Probable that it might attract ſome phlogiſton. Af- 


terwards, however, I found that this circumſtance 
makes no difference whatever; and that the air fo 


; procured . appearing to be purer, aroſe from the 


greater purity of the nitrous air which I made uſe of 
as a teſt, and which I got from mercury, and not 
from copper, the nitrous air from which I find to 
be much leſs pure. For trying the dephlogiſticated 
air yielded by ſome red precipitate which had been 


prepared many months by the nitrous air from mer- 


cury, it appeared to be as pure as that which was 


procured in the manner above deſcribed. 


That the dephlogiſticated air which I now made 
uſe of was ſufficiently pure for my purpoſe, ap- 
peared from mixing one meaſure of it with two of 

nitrous 


16 Experiments relating to the decompoſition 
nitrous air, when the whole quantity was reduced to 
leſs than four hundredth parts of one meaſure; ſo 
that it is probable that, by a more accurate pro- 
portion of the two kinds of air, and greater addreſs 
in mixing them, they might have almoſt intirely 
difappeared. There is beſides ſome reaſon to 
think, from the great variety in nitrous air, that 
the greater part of this very ſmall reſiduum comes 
from the nitrous air, and not from the dephlogiſti- | 
cated, : 
It will be ſaid, how is it poſſible to reconcile the 
reſult of this experiment with that of M. Lavoiſier 
and his friends ? which I was by no means diſpoſed 
to queſtion after the publication of the Extract from 
the Regiſter of the Academy of Sciences for Auguſt bn, : 
1790, in the ſeventh volume of the Annales de 
Chimie, in which a diſtin& account is given of a 
large quantity of very pure water procured from the 
ſlow combuſtion of the two kinds of air above men- 
tioned: for before this it was acknowledged, that 
ſome little acid was always found i in the water ſo 
. procured. 
But my late experiments, beſides afcertaining the 
fact of the production of nitrous acid from the de- 
| compoſition of dephlogiſticated and inflammable 
air, throw ſome farther light on the ſubject, and 
may in ſome meaſure explain their reſult; for I am 
now able to procure, in my own proceſs, either 

nitrous. acid, or pure water, from the ſame ma- 
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of dephlogifticated and inflammable air. 17 
I conſtantly obſerve, that if there be a ſurplus of 
dephlogiſticated air, the reſult of the exploſion is 
always the acid liquor; but that if there be a ſur- 
plus of inflammable air, the reſult is ſimply water. 
That phlogiſticated air is not in all caſes affected by 
this proceſs, I completely aſcertained, by admitting 
a little common air into that mixture of the two 
| Kinds of air which always produced water, and find- 
ing nothing but water in the reſult. = 
I find, however, that, agreeably to the experi- 
ments of Mr. Cavendiſh, phlogiſticated air is de- 
compoſed in this proceſs, when there is not enough 
of inflammable air to ſaturate the dephlogiſticated 
air; though when there is a redundancy of inflam- 
mable air, there is even a production of phlogiſti- 
cated air. Putting 0.5 oz. m. of phlogiſticated air 
to a mixture of two ounce meaſures of inflammable 
air and 1.5 oz. m. of dephlogiſticated air, the whole 
was reduced by exploſion to 1.05 oz. m. of the 
ſtandard of 1.1, with two meaſures of dephlogiſti- 
cated air, which appears by computation to contain 
no more than o. 388 oz. m. of phlogiſticated air; ſo 
chat 0.112 Oz. m. had been decompoſed in the pro- 
ceſs. When there is a ſufficient quantity of inflam- 
mable air, the phlogiſticated air always remains un- 
affected in this proceſs, as appears by mixing any 
quantity of it with the two kinds of air to be ex- 
ploded, and finding the very ſame quantity, as I 
have repeatedly done, in the reſiduum. 


That when there was a ſufficiency of inflammable 
B air 


* 
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air for the purpoſe, phlogiſticated air is even pro- 
duced in this proceſs, was evident from my never 
being able to diminiſh any quantity of dephlogiſti- 
cated air by inflammable air ſo far as by good ni- 
trous air, and the reſiduum always containing phlo- 
giſticated air. Having exploded two meaſures of 
inflammable air with one of dephlogiſticated air, 


which by a mixture of two meaſures of nitrous air 


was reduced to 0.04, there was a reſiduum of o. 1, 


of the ſtandard of 1.3, which appears by computa- 


tion to contain o. 0767 oz. m. of phlogiſticated 
air. Lo Wo 

The reaſon why, in my former experiments, I 
always procured more or leſs acid, muſt have been 


that, without any intention, or ſuſpecting that any 


thing depended upon it, I muſt have had ſome ſur- 


plus of dephlogiſticated air. M. Lavoisits T alſo | 


perceive to have taken it for granted, as I did, that 
after either of our proceſſes, any ſurplus of either of 
the two kinds of air would only have remained un- 
ſaturated, and have been found unchanged in che 
reſidoum. IA 

1 claim no merit whatever in this obſervation. 
It was in conſequence of accidentally finding pure 
water in what I then imagined to be the ſame cir- 


cumſtances in which I had always before found acid, 


and which ſurprized me not a little at the time, that 


I was led to vary the proportions of the two kinds 


of afr, till at length 1 ſucceeded in aſcertaining the 


circumſtances on which this remarkable difference 


| in 
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vo 


of dephlogifticated and inflammable air. 19 


in the reſult depends; but I am by no means able 


| to aſſign any reaſon for this difference. 


In thi#ſtate of my experiments I concluded, that 


= -irous acid, though conſiſting of the ſame elements 


with pure water, contains a greater proportion of 
dephlogiſticated air; and in the laſt edition of my 
Obſervations on Air, vol. III. p. 543, I obſerved, 
that, © ſubſtances&poſſeſled of very different pro- 
ce perties, may be compoſed of the ſame elements, 
« jn different proportions, and different modes of 
« combination. It cannot therefore be ſaid to be 
« abſolutely impoſſible, but that water may be com- 
« poſed of theſe elements,” viz. dephlogiſticated 
and inflammable air. 

When ] firſt prepared an account of my late ex- 
periments for the Royal Society, I entertained this 
idea; but now I conſider it as at leaſt uncertain, be- 
cauſe when I mix the two kinds of air in ſuch pro- 
portions as to produce water, I find in the reſiduum 
much more phlogi/ticated air than I do when acid 
is produced, which affords a ſuſpicion that, in this 
caſe, the principle of acidity goes wholly into the 
phlogiſticated air, which, as my former experiments 


= ſhew, actually contains it, though it is not eaſy to 
2 aſcertain in what proportion. 


Having exploded three ounce meaſures of a mix- 
ture of ſomething more than two parts inflammable 
air, and one of dephlogiſticated, and another equal 
quantity in which the inflammable air bore a leſs 

De 4” proportion 


— 


— — — . ——— EE <A —ů — x — — 
. 


20 Experiments relating to the decompoſition 

proportion to the dephlogiſticated (the former of 
which I knew would yield water, and the latter acid) 
I found the reſiduum of the former to be o. 57 oz. m. 
not affected by nitrous air, and weakly inflammable ; 
and in order to find how much phlogiſticated air it 
contained, I mixed different proportions ' of phlo- 
giſticated and inflammable air, and concluded, from 
the manner of firing them, and this ręſiduum, that it 
could not conſiſt of leſs than one-third of phlogiſti- 
cated air, viz. O. 19 oz. m. But the reſiduum of 
the mixture which would have produced acid was 
0.62 0z. m. of the ſtandard of 1.0, which I find by 
computation to contain not more than 0.062 Oz. m. 


of phlogiſticated air. I repeated this experiment 


very many times, and never failed to have a ſimilar 
reſult ; ſo that it is very poſſible that the pure water 
we find may be nothing more than the baſis of the 


two kinds of air; and the principle of acidity in the 


dephlogiſticated air, and the phlogiſton in the in- 


flammable air, may combine to form a ſuperfluous g 


. 


acid in the one caſe, and the Phlogiſticated air in the q 
other. | 
This ſuppoſition i 15 eee ned by finding f that 


whether the produce be acid or pure water, the two 


kinds of air unite in nearly the ſame proportions. 


But ſince water has an affinity to almoſt every ſub- 


ſtance in nature, and a peculiarly ſtrong one to the 
acid and alkaline principles, it may be impoſſible 
that it ſhould be wholly free from them ; and if 

they 


e dephlogiſticated and inflammadle air. 21 
they be in proper proportions to ſaturate one ano- 
ther, and in the ſame quantities, their preſence may 
never appear. 

As the reaſon why, in my former experiments, I 
always produced an acid liquor, and never pure 
water, was my uſing too great a proportion of de- 
phlogiſticated air; ſo the reaſon why M. LAvolsiER 
and his friends generally produced but little acid, 
and at laſt none at all, muſt have been, that the ſow 
combuſtion which they made uſe of gave the principle 
of acidity in the dephlogiſticated air, and the phlo- 
giſton in the inflammable air, a better opportunity 
of eſcaping, and forming the phlogiſticated air in 
their reſiduum, of which they have not publiſhed 
any ſatisfactory account“; and it is probable, that 
the weight of theſe elements compared with that of 
the water which forms the baſis of the two kinds of 
air, may be very ſmall. That excellent philoſopher 
M. Ds Luc ſuppoſes that they have even no weight 
at all. / = 

M. LAvolsIER himſelf, I obſerve, lays particular 
ſtreſs (p. 262) on the ſlowneſs of the combuſtion, 
as if he ſuſpected it to be neceſſary to his reſult. 
This circumſtance may alſo account for my want of 


F 


* Since this was written, Meſſ. Fouxc Rox, VauQUELIN, 
and SEGvin, have puliſhed a very particular account of their 
experiment; from which it appears, that, after the combuſtion 
of the two kinds of air, there was a pretty large reſiduum of 
phlogiſticated air, more than was contained in the airs before 
combuſtion. See Annales de Chimie, for April 1791, p. 35. 


3 3 | ſucceſs 
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ſucceſs in the attempts that I made to repeat his ex- 
periment: for whenever I made a ſtream of inflam- 
mable air to burn in a veſſel of dephlogiſticated air 
(which I contrived to do by means of a leſs expen- 
five, but I own a leſs accurate, apparatus than his), 
I always got ſome acid, though leſs than in my 
own. proceſs ; but I made a larger and ftronger 
flame than I imagine M. Lavoister choſe to pro- 
duce. 

In the courſe of theſe experiments I and, that 
when the inflammable air I made uſe of was from 
turnings of caſt iron, there was always a conſiderable 
quantity of fixed air in the reſiduum, not leſs than 
one tenth of a meaſure, after the exploſion of two 
meaſures of inflammable air and one of dephlogiſti- 
cated; whereas there was either no fixed air at all, 
or the ſlighteſt appearance cf it imaginable, when 
made uſe of inflammable air from malleable iron, ex- 
tracted either by means of ſteam or acids. 

The principal of theſe experiments, as well as 
thoſe in my former papers on this ſubject, will be 
found to confirm the ſimilar ones of Mr. CAvEx- 
DISH ; but they prove the ſource of the acid in the 
reſults not to be what he imagined, viz. phlogifticated 
air, but the union of the deplogiſticated and in- 
flammable air; and they alſo make it at leaſt doubt- 
ful, whether theſe two kinds of air compoſe pure 
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GENERATION OF AIR FROM WATER. 


Tam are two probleme, of conſiderable im- 
portance, relating to the doctine of air, to which I 
have had an eye ever ſince I began my experiments 
on the ſubject; but concerning which I have been 
far from being able to get all the light that J have 
wiſhed. One is the conſtitutional difference be- 
tween the vapour of water and other fluids, and 
air, or a permanently elaſtic ſubſtance, not con- 
denſable by cold; and the other is the origin of our 
atmoſphere. But the experiments I have lately made 
ſeem to give us ſome inſight into both. 
That Heat, in a latent or fixed ſtate, is eſſential to 
the conſtitution of all kinds of air, ſeems to be ge- 
nerally taken for granted; and ſeveral of my former 
experiments demonſtrate it with reſpect to inflam- 
mable air; nothing but heat being neceſſary to con- 
vert ſpirit of wine, oil, and other inflammabl 
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u liquid or ſolid, into permanent inflammable 
Alkaline air is alſo converted into inflammable 


3 a by the ſame proceſs, and by the electrie ſpark, 


which produces this effect merely by communicat- 


ing heat. 


Light alſo is neceſſary in ſome vieocelies to the 


formation of dephlogiſticated air, for without this 
Br owing. vegetables cannot produce it, as J diſco- 


vered firſt with reſpect to the green vegetable ſub- 
ſtance to which botaniſts have not yet given any 
name, and nne afterwards with reſpect to 
larger plants“. Light is alſo neceflary ro extract 

„ 5 dephlo- 


As ſome perſons imagine there is an interference in Dr. 
Ingenhourz's claims to diſcovery and mine in this reſpect, I ſhall 


ſubjoin an extract of a letter I wrote to him fix years ago, when 


a young phyſician on his travels deſired of me letters of intro- 


duction to my philoſophical friends on the continent, ſince it 


will tend to ſet the matter in a proper light, and ſhew that there 
1s no > ground of interference between us at all, | 


DREAR Six, 9 e New. 22. 1903. 
I thank you for the French edition of your Experiments 


on Fe ottables, which I received ſome time ago ; but am ſorry 


to ſee in the preface, ſomething that looks as if you, or your 
friends, thought I wiſhed to detract from your merit, which i is 
very far from my diſpoſition. 5 


I do got indeed diſtinctly fee what ground there is for any in- 
terference between us. That plants reſtore vitiated air I diſco- 
vered in a very early period. [ afterwards found that the air in 


which they were confined was ſometimes even better than atmo- 


ſpherical air, and that the green matter (which I at firſt, and ſe- 
veral of my friends always, thought to be a vegetable) produced 


Fs uy air * means of lebt; and immediately after the publi- 
caution. 
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generation of air from water. 


dephlogiſticated air from water, impregnated „ 


r See marine acid air. The experiments 
| on 


cation of this fact, and before I ſaw your book, I had found- 
that other whole plants did the ſame, | 


7 All the time that I was employed in makin g theſe ent 


I wrote to my friends about them, particularly Mr, Magellan, 
and deſired him to communicate my obſervations to you, as 


well as to others, but I believe you did not hear of them; ſo 
that what you did with leaves was altogether independent of 


what I was doing with <vhole plants; but the ſame ſummer, and 
the ſame ſun, operated for us both ; and you certainly pub- 
liſhed before me. 

This appears to me to be the t true ſlate of the caſe, and farely 


it leaves no room for the ſuſpicion of any thing unfair, or un- 
friendly. But whatever your friends may ſay, I have no thoughts | 


of troubling the public with any vindication. I value you, 
and your friendſhip, too much to wiſh to have any alterca- 
tion on the ſubject. Indeed, there is nothing to contend about. 
If, on any future occaſion, you will do me the juſtice to give 
this ſtatement of the e I ſhall be happy * . 1 * 


not complain. 5 


I hope you have 8 my laſt volume ol experiments. Iam 


now buſy with others, and have lately proved, that a very great 


part of fixed air is water, and, what is perhaps of more conſe- 


quence, I find that, in many caſes, the decompoſition of pure 


and inflammable air produces little water, but acid; though no 
acid was employed in procuring either of the kinds of air 
ſo decompoſed. What the acid is IJ have not yet aſcertained, 
but hope to do it ſoon. I ſhall . be fr to hear from 
you, and am, 

Dear Sir, 


Your's 1 
| bo PRIESTLEY.. 


— 
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on taking the electric ſpark in water by Meſſrs. Die- 
man and Van Trooſtwyck, who thought they had 


by this means decompoſed it, and converted it into 


dephlogiſticated and inflammable air, led me to try 


the effect of the ſun-· beams upon it; in conſequence | 
of which I never failed to produce air, but not in q 


quantity ſufficient to aſcertain its nature. I have 


lately repeated this experiment with the ſame reſult, 


and have made ſeveral others which do not confirm 
the hypotheſis of thoſe philoſophers, but lead us a 


ſtep farther in this curious and important inveſti- | 


gation, eſpecially as they ſhew the influence that heat 


has in this buſineſs. 


That water which has been diſtilled, or boiled, 
has an eager attraction for air, is a fact univerſally 


known. It will imbibe any kind of air whatever; 


and, as I have found, will give out, by heat, the ſame 
air with which it has been impregnated. So obſti- 
nately does water retain air, that M. De Luc was 


never able completely, to free any er of water 


This, Ethipk, will ſhew that I was not very anxious about the 


merit of this diſcovery. The original obſervation, that plants re- 


ſtore vitiated air, and the ſubſequent one, that green vegetable 
matter yielded dephlogiſticated air by means of light, were both 


accidental; and ſurely there was no great ſagacity required to 


try the effect of certain plants, when I had: aſcertained the fact 
with reſpect to one of a doubtful nature. That leaves had this 
power, I own, I had no ſuſpicion, But the merit of all philo- 
ſophical diſcoveries is in my opinion greatly overrated. - 
8 | 7X from 
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Some: it, and for the ſame reaſon attempts to make 
barometers of it have never ſucceeded, 

The circumſtance that led me to give particular 
attention to this ſubject of late was, that, in diſtilling N 
a large quantity of water, I found that air was pro- 
duced not only at the firſt boiling, and for half an 

| hour afterwards (which I had been uſed to deem 
ſufficient to expel all the air that water contained) 
but uniformly, to the very laſt; which ſhewed that 
the air ſo procured was not any that had been pre- 
viouſly contained in the water, and had been ex- 
pelled by heat, but what was actually formed in the 
proceſs. 

In the firſt experiments that I made to collect this 

air, the ſteam was made to iſſue from the end of a 
glaſs or copper tube; and when it was received in a 
glaſs recipient containing water, every bubble of 
ſteam collapſed into a ſmall bubble of permanent 
air. A much greater proportion of it, however, was 
permanent in a degree of heat much below that of 
boiling water; as when I could very well bear to 
handle the glaſs veſſel in which it was contained, 
and indeed when it was but ſenſibly warm: Allo, 
after this newly-generated air was transferred to 
cold water, ſaturated with air, it would continue 
ſome time without any ſenſible diminution ; but in 
the courſe of a day or night ſome times ſo much as 
one fifth of it (though generally a much leſs pro- 
portion) would be abſorbed. But the remainder 
was as permanent air as that of the atmoſphere ; 

and 
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air. 
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. 3 it was examined by the teſt of nitrous air, 
was generally much purer than common air, the 
ſtandard of it, with an equal quantity of nitrous air, 


being 9.9, 0.85, or even 0.8, inſtead of 1. o, or 1. 1, 


Which is the uſual ſtandard of atmoſpherical air after 
being agitated on its mixture with nitrous air. I 
have found it to have the ſame degree of purity 


Whether the water was boiled in a glaſs veſſel, in 


one of copper, or of tinned iron, though I have 
found it much more impure when boiled in a cop- 
per veſſel, and the reaſon of this variety I do not 
yet underſtand. This air was not a mixture of 
dephlogiſticated and inflammable air; for then it 
would have exploded on applying a candle to it; 
but a candle burned in it exactly as in * 
rical air, only ſomething better. 

Being willing to aſcertain whether the air I pro- 
cured came from the water that had been converted 
into ſteam, or, in part at leaſt, from that with which 
the ſteam came into contact when it was condenſed, 
I made it to iſſue from under a quantity of mer- 
cury; and, to my great ſurpriſe, I found the quan- 
tity of air greatly diminiſhed, even when the mercury 
became as hot (which it ſoon did) as the ſteam it- 
ſelt, and conſequently the ſteam paſſed through it 
uncondenſed. When, with the ſame view, I cauſed 


the ſteam to be condenſed in water recently boiled, 


and warm, I found no diminution of the quantity of 


- 
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I am unable to account for this diminution of the 
quantity of air after the ſteam had paſſed through 
mercury. To aſcertain whether the preſſure” of 
ſuch a column of mercury had any influence (though 
to avoid this I only juſt covered with it the end of 
the tube through which the ſteam iſſued, without 
finding any ſenſible difference) I plunged the tube 
from which the ſteam iſſued at leaſt one foot be- 
low the ſurface of a quantity of water in which it 
was received, which was equivalent to one inch of 
mercury, and then alſo I found a conſiderable dimi- 
nution of the quantity of air; but ſuſpecting that it 
could not be owing to mere preſſure, I placed; the 
tube through which the ſteam paſſed horizontally, 


only juſt covering it with water, and the reſult of this 


appeared more extraordinary ſtill ; but I repeated 

the experiment too often to be miſtaken with- re- 

ſpect to the fact. 
If the ſteam be ſuffered to iſſue in a baſon of wa- 


ter, with only the end of the tube by which it is 


conveyed from the boiler, covered with water, more 
or leſs air is always formed, at a medium between 
one twentieth and one thirtieth of the bulk of the 
water; but if the pipe be covered with water, ſo 
that the ſteam ſhall he condenſed before it reaches 
the orifice, little or no air is produced; and the re- 
ſult is the ſame whether the tube be of copper or of 


glaſs, provided it do not exceed About one ſixth of 


an inch in diameter. If it be about half an inch wide, 
air : 


— N 
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air will always be formed, though the ſteam be con- 


denſed within it. 


In general, I have found more air produced 


. when the ſteam has been made to paſs through a red- 


hot well glazed earthen, or copper tube, filled with 


bits of earthen ware, in order to expoſe it to as much 
heated ſurface as poſſible ; but ſtill if the tube of 
conveyance was narrow, and covered with water, ſo 
that the ſteam was condenſed within it, no air, or 
next to none; has been procured. The following 
was the reſult of one of the experiments of this 
From 25 ounces of water diſtilled through a red- 
hot copper tube, with the tube by which the ſteam 
was conveyed not covered with water, I got two 
ounce-meaſures of air, the firſt portion of which was 
of the ſtandard of . o, and the ſecond of 1.1. But 
from 19 ounces of water diſtilled in the ſame cir- 
cumſtances, but with the tube by which it was con- 
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ounce-meaſure, of the ſtandard of 1.2. I recire 
the differences in the purity of the air, as I noted 
them at the time, without ſuppoſing that thoſe dif- 
ferences aroſe from any circumſtances that I have 
mentioned. For I have found this to vary very 
much in what appeared to me to be the ſame circum- 
ſtances. This deſerves a farther inveſtigation. 
Having procured very different quantities of air 
from the ſame quantity of water, and having obſerved 
| | | the 
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the very great difference above mentioned ariſing 


from the ſteam iſſuing in the baſon of water, I imagined 


it might be neceſſary to the formation of the air, that 
the bubbles of ſteam ſhould be completely ſurround- 
ed with water at the moment of their condenſation, 


and that the greater number of thoſe bubbles 1 
could make the more air I ſhould procure. With 


this view I fixed to the end of the tubes from which 
the ſteam iſſued ſmall pieces of tin with many perfo- 
rations ; and I thought that this was, upon the whole, 
the ſureſt method of procuring the largeſt quantity of 
air, But when the water in which the ſteam was con- 


denſed was very hot, and conſequently it has iſſued 


in large bubbles, which have branched out into many 
parts before they were condenſed, ſo as to produce a 
great number of ſeparate bubbles after condenſation, 
I have generally procured as much air as in any cir- 
cumſtances whatever. | | 
In all the preceding peer though the air was 
procured from water that had been boiled ever ſo 
long, or ever ſo often, and it was received in water 
that had been boiled, or by other methods deprived 
as far as poſſible of all air, it might be ſaid that it 
was ſtill poſſible that the air I procured might be only 
atmoſpherical air, intimately united with the water, 
and not properly a freſh production of it; eſpecially 
as the purity of it was fo very nearly that of the at- 


moſphere. In order to aſcertain whether this was 


the caſe, or not, I contrived to uſe the ſame. water 


repeatedly, confined by mercury, than which I do 


Not 


, 


* 
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1 not know that any Proceſs can be more unexcep: 
5 tionable. 

N 1 Filling long glaſs tubis, cloſed at one end, partly 


with water, aud partly with mercury, the open ends 
being immerſed in baſons of mercury, 1 began with 
1 expoſing a part of the tube above the mercury to heat, 
1 ſo as to convert the water contiguous to that place 
M | into ſteam, the water having been previouſly made 
0 as free from air as poſſible. Still, however, I ob- 
it ſerved that every bubble of ſteam collapſed into a 
5 bubble of air, which aſcended to the top of the tube; 


fl and many of them being there collected, formed a 
i g larger bubble, which continued permanent air, when | 
i the fire was withdrawn, and the tube was cold. 'In | 
| ll the courſe of a day or two this air would not fail to = 
11088 be abſorbed by the water in the tube ; but when I 1 
i inverted the tube, and threw out that air, by putting [ 
| | in more mercury, more air was always generated by t 
ll repeating the proceſs. | F 
i To procure a larger quantity of air, I varied the | C 
Mil proceſs, by making the tube c containing the water and c 
Wl mercury lean over the fire, ſo that about twelve or 0 
| i | eighteen inches of the upper part of it was kept many h 
[i hours together in the ſtate of a vapour; and I con-„— n 
i ſtantly obſerved that whenever the fire was with- li 
10 drawn, the water never completely filled the tube, but 


a quantity of air remained at the top. This I threw 
out as before, and repeating the proceſs with the ſame 
water, day after day, and week after week, I always 
found that the air was produced juſt as at the firſt, 
= and 
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and that the longer the tubes had been expoſed to the 
heat at any 3 time, the more air I found in 
them. 
Still, however, it might be ſaid, that, as I turned 
the tubes upſide down in order to let out the newly- 
generated air, ſo that the water in the tube Was for 
a moment expoſed to the common atmoſphere, 
though this was done while the water was warm, and 
conſequently not diſpoſed to imbibe air, it was not 
abſolutely impoſſible but that it might do it, I 
therefore provided a long trough of mercury, and 
plunging the tubes into it, let out the air under the 
mercury, ſo that the water never came into any con- 
tact with the air of the atmoſphere. Bur I always 
found that when the tubes were again brought to the 


fire, and the water converted into ſteam, air was 


produced as before; and I did not ceaſe to repeat 
this proceſs, till I was thoroughly ſatisfied that the 
W repetition would anſwer no purpoſe. I therefore 

could not help concluding that, on whatever prin- 
ciple the effect was produced, the whole of any 
W quantity of water is convertible into air by means of 
heat, or by heat and light jointly. For the glaſs 


uus in this ſet of experiments being tranſparent, 


MN _ might have ſome influence in the buſineſs. 
In order to aſcertain whether light had any influ- 


W ence in theſe proceſſes, or not, in boiling the water 


TI uſed not only glaſs retorts, and glaſs tubes, but veſ- 
| fels and tubes of copper, and received the ſteam in 


_ perfectly opaque, fo that : no light whatever 
C had 
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34 Experiments on the 
had the leaft acceſs to the water, or the ſteam, In 


any part of the proceſs; and yet air was produced 
as hen it had. In like manner I coated the glaſs 


tubes with tin foil, and tinned iron, but ſtill by ex- 


poling them to heat the effect was always the ſame, 


in kind and degree, that it had been before they were 


ſo coated. I therefore concluded that heat, and not 


hight, was the agent in this converſion of water into 


air. 
There is another proceſs in which air is produced 


from water without heat, except ſuch as we have no 


means of excluding. In order to free a quantity of 


water from the air it contains with as little trouble 
as poſſible, I had been long uſed to put a pretty 


large quantity into a glaſs veſſel, of a globular, form, 
furniſhed with a ſtem of the length of a baro- 


meter tube, then after filling the bulb with water, and 
putting in mercury, till the tube was full, inverted it, 
placing the end of the tube in a baſon of mercury; 
when, the preſſure of the atmoſphere being removed, 
the air contained in the water is diſcharged, as it 


would be by means of an air-pump. Whenever I 
have done this I have obſerved that after throwing 
out the air that I got, and replacing the veſſel as at 


firſt, I ſtill never failed to get more air, though leſs 


than at the firſt. This air, however, I uſed to con- 
ſider as that which had been ęxtracted from the water. 
But the preceding experiments led me to conſider it 


as produced from the water, either by means of heat, 
or of Tights and a greater gre of attention to this 
Proceſs 


; 
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proceſs has confirmed me in this opinion. I find, 
however, that it is not light, but probably Heat only, 
that produces this effect, in this proceſs as well as 
in the former. I have one of theſe veſſels which has 
had water in it more than a year, and yet it con- 
tinues to give air juſt as it did after that which it 
naturally contained was expelled. If I examine it 
every day, I find freſh air in it, fo that I am per- 
ſuaded there will be no termination of the produc- ; 
tion. 
It is eafily known when any quantity of water is 

purged of the air it naturally contains in this proctſs, 
by its rattling on agitation, exactly as in a water ham- - 
mer: but even after this it does not fail to yield air. 
At one time I found the column of mercury in a 
veſſel of this kind ſtand at 31 = inches, when that in 
the barometer was only 30; and it was not without 4 
good deal of agitation that the water could be ſepa- 
rated from the glaſs, and permit the mercury to fall 
lower. This is a common cafe with mercury in a 
dry glaſs tube, but I never obſerved it more than 

| this once with water. It was a proof, however, that 
at that time it contained no air, and yet when a vacu- 
um was made by the ſubſiding of the water, air ir began 
to be produced as before. | 
Agitation greatly promotes the Aiſcharge of air 
from water in theſe circumſtances, and two things 
are particularly remarkable with reſpect to it; one is, 
that the air iſſues not only from the parts contiguous 
to 2 glaſs, but from every part of the water in the 
C 2 interior 
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36 Experiments on the 
interior of the veſſel; and the other is, that the full 


effect of the agitation does not appear immediately, 
but about half a minute after, when, at the beginning 


of the proceſs, the water will be almoſt opaque with 


the multitude of ſmall bubbles formed through its 


Whole maſs. 


The quality of the air procured in this manner 
varies much, and I have not yet obſerved the rule 
by which it varies. At one time I found the air 


procured at firſt inferior to that which was produced 
the ſecond time that it was collected, and the third 


ſucceſſive portion was purer ſtill ; but this has not, 
I think, always been the caſe. 
After giving much attention to the ſubject, 1 oe 
no reaſon to think that ligbt has any influence in the 
generation of air in this proceſs any more than in the 
former. I have kept one of theſe veſſels with water 


in it a long time, covered with tin foil, and fo well 


purged of air that it rattled like a water hammer, and 
yet whenever it is inverted, either after waiting ſome 
time, or after agitation, a pretty large bubble of a air 
is found in it. | 

Whatever be the agent in this production FY air 
from water, according to appearance, the whole of 
any quantity of water is convertible into air by means 


-of heat, or ſome principle of repulſion acquired in 


the act of converting it into vapour. Itſhould ſeem, 
therefore, that the whole of the atmoſphere may 


| have been originally formed from water by means 


of heat; and this would at firſt be rapid, without any 
- bb ſenſible 
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ſenſible heat, there being no preſſure of a previouſly 
| exiſting atmoſphere to prevent it, and afterwards 
volcanos might aſſiſt the proceſs. At preſent air 
may be produced by the action of the ſun on the 
vapour of the upper region of the atmoſphere. 

Since the atmoſphere conſiſts of both dephlogiſti- 
cated and phlogiſticated air, or ſomething equivalent 
to a mixture of the two, it is evident from the preced- 
ing experiments that (unleſs we can ſuppoſe both the 
Pblogiſtic, and if I may ſo ſay, the antiphlogiſtic princi- 
ple, to paſs through the glaſs together with heat) water 
muſt contain both theſe elementary ingredients, which 
is an idea which neither myſelf nor the French 
chymiſts had formed of it; ſince, according to them, 
it conſiſts of dephlogiſticated and inflammable air; 
and phlogiſticated air, (or, as they call it, azote,) is a 
ſimple element, not contained in water, and I and 
other chymiſts had conſidered water as a ſimple ele- 
W mentary ſubſtance, though eaſily combining with 

W almoſt every other ſubſtance in nature. 

Still, however, what I have before advanced con- 
cerning water, of whatever elements it may conſiſt, 

viz. that it is the proper baſis of every kind of air, 
may be, and probably is, ſtrictly true. It may even 
be all that has, or can be aſcertained by, weight in moſt 
of them; ſo that when they are decompoſed, nothing 
| elſe may be found. Had it appeared, as I was once 
inclined to think it would, that light was neceſſary to 
the production of air from water without heat, I 
| hould have concluded that the pure air yielded by 
Vege- 
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e was occaſioned by the action of light upon 
- the watery effluvia iſſuing from them; but as in this 
if caſe air is produced without light, and plants do 
not produce any air in the night, the principle on 
which theſe curious proceſſes is performed muſt be 
1 different. 
I It appears from theſe experiments that water is 
= reſolvable into dephlogiſticated and phlogiſticated 
ö air. To complete the analyſis we ſhould reduce 
* thoſe two kinds of air to water. But as Heat is 
ll neceſſary to the decompoſition of water, the abſence 
if of heat, or cold, and ſuch a degree of it as we can- 
| i not produce, may be neceſſary to the compoſition of 
| | it from thoſe elements. | 
I cannot conclude this paper without obſerving 
that the advances we are continually making in the] 
analyſis of natural ſubſtances into the dements of 
which they conſiſt, bring us but one ſtep nearer to 
| + their conſtitutional differences; ſince as much de- 
pends upon the mode of arrangement, concerning 
which we know nothing at all, as upon the elements 
themſelves. For things the moſt different in theirſ 
j properties appear to conſiſt of the very ſame elements. 
WW Thus the nitrous acid, "nitrous air, fixed air, phlo- 
| '  giſticated air, alkaline air, and probably all the 
other kinds of air with which we are acquainted, 
except the dephlogiſticated, and inflammable, arc 
all compoſed of dephlogiſticated air and phlogiſton, 
For that phlogiſticated air 1s not an elementary ſub 


| ſtance, but compoſed of the two things above men 
1 | rioned 
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tioned, ſufficiently appears from my former experi- 
ments, ,and others that might be alleged. By what 
means we can ever come at the knowledge of the 
internal arrangement of the elementary parts of natu- 
ral ſubſtances, I have not the leaſt idea, Notwith- 
ſtanding this, the Yucceſs with which our inquiries 
have hitherto been crowned ſhould encourage us to 
deſpair of nothing. Nature exhibits an infinitely 
large field, but our powers of inveſtigation ſeem alſo 
to increaſe without limits, 
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